Abstract -a.-Alkali-metalated isocyanides, which can be obtained from isocyanides and bases, are both nucleophilic and electrophilic. They can add to polar double bonds, forming heterocycles. They are also synthons for a.-metalated primary amines. This paper describes their use in organic synthesis: 1) In heterocyclic synthesis to gives 2-oxazolines, 2-thiazolines, 2-imidazolines, pyrroles, oxazoles, thiazoles, 2-imidazolin-5-ones, 1,3-oxazines and -thiazines. 2) In the field of formylaminomethylenation, transformation of ketones and aldehydes with alkyl isocyanoacetate to formylamino acrylic esters and chain lengthening of ketones to carboxylic acids or carbonitriles with tosyl methylisocyanide.
INTRODUCTION
The activating effect of the cyano group on o-H bonds has been known for nearly a century. However, it was only in 1968 that Schöllkopf and Gerhart (Ref. 1) discovered that alkyl isocyanides 1 can be anionized (metalated) in a.-position. Metalation (anionization) is accomplished with the usual bases employed in carbanion chemistry such as butyllithium, potassium tert-butoxide, sodium hydrid~ DBU o~ triethylamine; the precise choice depends upon .the substitueats R and R2. The a.-metalated isocyanides 2 are not isolated but subjected to reaction in the same vessel. Any alkyl Isocyanide 1 can be metalated provided that its parent hydrocarbon is as acidic or more acidic than methane. sec-Alkyl isocyanides without activating substituents cannot be metalated; cyclopropyl isocyanide is an exception to this rule.
The synthetic significance of a.-metalated isocyanides ~ is due, on the one hand, to their ambivalent nature. They contain a nucleophilic center, the metalated carbon atom, which can add to polar multiple bonds 2, and an electrophilic center, the isocyanide carbon atom, which permits cyclization of the adducts ~ to heterocycles of type 2·
On the other hand, the a-metalated isocyanides g are synthons for the (hypothetical) a-metalated primary amines 11 2 11 and permit chain extension of primary amines by electrophiles E+ [6 -.tO according to the following 
SYNTHESES OF HETEROCYCLES

2-0xazolines
On reaction with aldehydes and ketones ~' a-metalated isocyanides g afford 2-oxazolines 11 (Ref. 5) .
The advantage of this oxazoline synthesis consists in the linkage of the C-~-5 bond during the reaction. Starting with a-isocyano esters (R ~ CO~t in 1) 2-oxazoline-4-carboxylic esters (R2. 2-Imidazolines of type 18 warrant interest on account of their proven or potential pharmacologicär activity. Since imidazolines, being cyclic amidines, are readily susceptible to acid hydrolysis this synthesis is also suitable for preparation of 2,3-diaminoalkanoic acids (n,ß-diamino acids)
(Ref. 9).
2-!Yrrolines and 5Yrroles
Reaction of, for example, ethyl isocyanopropionate 2o with n,ß-unsaturated carbonyl compounds 21 under the conditions of the MIChael addition affords ethyl 2-isocyano-2-methyl-5-oxoa~anoates of type ~' which cyclize to the pyrrolines ~ on heating to 70-80 C (Ref. 1o).
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In same cases -especially with acyl chlorides -two equivalents of the metalated isocyanide 2 are required. However, on optimum choice of acylating agent, solvent and reaction conditions also leads to good yields of oxazoles 25 when 2 and 23 are used in a ratio of 1: Two procedures are ;r:-ecommended. In the first one, the ester .1Z. or 2'/Ts metalated with potassium tert-butoxide in THF at -70°C; the carbony~ compound 1o is added and workup is as usual after warming to room temperature (Re1.23). However, the stericall~ hindered carbonyl group in 3-methoxyestrone needed refluxing in THF ~Ref. 24). In the second procedure, sodioisocyanoacetic ester is generated in situ (in THF) with sodium hydride as base (Ref.23) . Formylaminomethylenation has several advantages over the classical azlactone procedure of Erlenmeyer. It occurs under milder conditions and has a wider scope. Moreover, reaction gives not the acids but the esters which are more valuable for further reactions, and the formyl group can be removed easily and selectively. There are many applications of formylaminoacrylic esters ~· Dehydratation g1ves ~-isocyanacrylic esters ~' NC in _49 instead of NHCHO, which add nucleophiles with great avidity to~eir douOie bond. The addition products can be cyc]Zed to heterocycles with ester groups. Thus, reaction with ammonia gives 2-imidazoline-4-carboxylic esters 18, R2: H ~Re!.9), addition of hydrogen sulfide 2-thiazoline- In the isocyanomethyllithium process for ring expansion of cyclic ketones, the cyclic ketone is treated with isocyanomethyllithium, LiCH~C, to give 1-(isocyanomethyl)-1-cycloalkanol, which is hydrolyzed to the aminomethyl compound before being subjected to a Tiffeneau-Demyanov rearrangement to yield the ring-enlarged ketone (Ref. 34 & 35 
